INTRODUCTION
Adenylate cyclase is known to be regulated by a number of extracellular and intracellular signals. Intracellular adenosine 3′-monophosphate (3′-AMP), one of the degradation products of RNAs, has been pharmacologically classified as a P-site inhibitor of adenylate cyclase.
1) The 3′-AMP forming enzyme, one of the ribonucleases, has been shown to exist not only in homogenates of various organs in rat 2) but also in soluble fractions of rat liver mitochondria. 3, 4) However, the physiological and pathophysiological roles of 3′-AMP and the 3′-AMP forming enzyme still remains to be elucidated.
Carbon tetrachloride (CCl 4 ) is widely accepted as a cause of hepatic necrosis and fatty liver. The toxicity of CCl 4 is mediated by a highly reactive trichloromethyl radical to produce lipid peroxides in the hepatocellular membranes.
5) The damage of cellular membranes via lipid peroxidation results in leakage of intracellular enzymes, including cytosolic, mitochondrial and lysosomal enzymes. Therefore, CCl 4 may serve as a tool for studying the pathophysiological roles of the 3′-AMP forming enzyme in mitochondria.
ISP-I/myriocin, as a potent immunosuppressant, was found to inhibit allo-reactive cytotoxic T lymphocyte generation 6) and induce apoptosis of an IL-2-dependent cytotoxic T cell line, CTLL-2.
7) The ISP-I/myriocin-induced apoptosis is probably triggered by the inhibition of serine palmitoyltransferase, which catalyzes the first step of sphingosine biosynthesis, and the condensation of serine and palmitoyl-CoA. 8) Palmitoyl-CoA is also a substrate for carnitine palmitoyltransferase I, which facilitates passsage of long-chain fatty acids into mitochondria for β-oxidation.
9) When the biosynthetic pathway of sphingolipids were inhibited by ISP-I/myriocin, the activity of the 3′-AMP forming enzyme in mitochondria might be influenced and the effect of CCl 4 on membrane lipid peroxidation of mitochondria might be modified.
Recently, our preliminary results revealed that the activity of the 3′-AMP forming enzyme was influenced by CCl 4 . In the present study, we examined the effect of ISP-I/myriocin on the activity of the 3′-AMP forming enzyme in the situation of hepatitis induced by CCl 4 . We found that ISP-I/myriocin modified CCl 4 induced both the activities of the 3′-AMP forming enzyme and serum alanine amino-*To whom correspondence should be addressed: Faculty of Pharmaceutical Sciences, Setsunan University, 45-1 Nagaotoge-cho, Hirakata, Osaka 573-0101, Japan. Tel. & Fax: +81-72-866-3159; E-mail: fujihiro@pharm.setsunan.ac.jp No. 3 transferase (ALT). 4 ---In all experiments, food and water were available ad libitum. ISP-I (0.1% w/v) dissolved in methanol was diluted with olive oil to make the final concentration of 0.0025%(w/v). The diluted ISP-I or vehicle (olive oil) was intraperitoneally given to mice at a dose of 4.0 ml/kg body weight. At 24 hr after ISP-I or vehicle administration, 10%(v/v) CCl 4 dissolved in olive oil or vehicle was intraperitoneally injected at a dose of 4.0 ml/kg body weight. At 24 hr after CCl 4 administration, blood was withdrawn from the abdominal aorta under diethyl ether anesthesia, and the serum was prepared. The activity of ALT in the serum was measured using a GPT-UV-test kit Wako. Preparation of Liver Homogenate ---The liver obtained from ISP-I or CCl 4 -treated mice was removed rapidly and weighed. The liver (1 g) was homogenized immediately after removal in 19 ml of 1 mM EDTA, 0.25 M sucrose and 5 mM 2-mercaptoethanol containing 20 mM Tris/HCl buffer, pH 7.5. The homogenate was centrifuged at 18000 × g for 15 min. The supernatant obtained was kept at -80°C until use, and used as a crude enzyme solution. Determination of 3′-AMP Forming Enzyme Activity ---3′-AMP forming enzyme activity was determined as follows. The reaction mixture (55 µl) consisted of 20 mM EDTA containing 0.1 M acetate buffer (pH 5.6), 25 µg poly(A) and 5 µl of the crude enzyme solution. After incubation of the mixture at 37°C for 60 min, the reaction was terminated by the addition of 55 µl of 15 mM ZnCl 2 in 0.5 M perchloric acid. The enzymic products were derivatized with chloroacetaldehyde for fluorescence detection.
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10) The derivatized compounds were analyzed by a reversedphase HPLC using a column of Chromatorex ODS maintained at 45°C.
4)
RESULTS AND DISCUSSION
The histochemical localization of the 3′-AMP forming enzyme has not yet been clarified, but its enzymic activity has been confirmed to exist, at least in hepatic mitochondria.
4) The enhancement of the activity of the 3′-AMP forming enzyme in cytosol may be due to the leakage of the activity from mitochondria and other subcellular organelles in impaired cells. There is no report mentioning the change of 3′-AMP forming enzyme activity in the pathophysiological situation. It is of interest to examine whether or not CCl 4 could affect 3′-AMP forming enzyme activity in acute hepatitis.
As shown in Table 1 , serum ALT activity was greatly enhanced 24 hr after CCl 4 administration. Under these situations, the activity of the 3′-AMP forming enzyme in the supernatant of homogenate obtained from fresh liver was increased by CCl 4 administration. These results suggest that leakage of the activity from mitochondria to cytosol might be enhanced by the damage of mitochondrial membranes via lipid peroxidation induced by CCl 4 . The increase in 3′-AMP forming enzyme activity might contribute to the RNA metabolism involving the elimination of RNAs in impaired hepatocytes, and the turnover of RNAs in regenerative or repaired hepatocytes. At present we do not have enough information to warrant further discussion on this phenomena. The detailed pathophysiological significance of this enzyme remains to be elucidated.
Fujita et al. 6) reported that allo-reactive cytotoxic T lymphocyte generation in BALB/c mice was inhibited by ISP-I/myriocin, intraperitoneally administered in the range of 0.01 to 1.0 mg/kg body weight. The growth of the cytotoxic T-cell line in mice, CTLL-2, was also inhibited, 8) and the cell death by apoptosis was enhanced by the addition of ISP-I/ myriocin to the culture medium in an in vitro experiment. 7) Interestingly, ISP-I/myriocin-induced apoptosis was delayed, requiring more than 32 hr to occur, following one or more cell divisions. 7) As ISP-I/myriocin might affect sphingolipid metabolism in a number of cells other than CTLL-2 via the inhibition of a serine palmitoyltransferase, the compound might have some influences on hepatic functions in acute hepatitis induced by CCl 4 . Taking these results reported and our speculation into consideration, the effect of 24 hr-pretreatment of mice with ISP-I/ myriocin on CCl 4 -induced acute hepatotoxicity was examined at a dose of 0.1 mg ISP-I/myriocin per kg body weight under the experimental condition described in Method. Pretreatment of mice with ISP-I/ myriocin significantly inhibited the CCl 4 -induced increase in the activities of serum ALT and the 3′-AMP forming enzyme as shown in Fig. 1 -(A) and 1-(B), respectively. Simultaneous administration of CCl 4 and ISP-I/myriocin was less effective in decreasing CCl 4 -induced enhancement of both activities [ Fig. 1-(A) and 1-(B) ]. Single administration of ISP-I/myriocin had no significant effect on 3′-AMP forming enzyme activity at 24 and 48 hr after its administration (data not shown). These results suggested that ISP-I/myriocin might suppress the leakage of the activity of the 3′-AMP forming enzyme, at least from mitochondria, due to the inhibition of the damage of intracellular membranes by the CCl 4 -induced lipid peroxidation, and could modify the activity of the 3′-AMP forming enzyme in acute hepatitis induced by CCl 4 . To our knowledge, this is the first paper describing that ISP-I/myriocin might have a protective effect on the CCl 4 -induced hepatotoxicity.
3′-AMP is known to be classified as a P-site inhibitor of membrane-bound adenylate cyclase. 1) Bushfield et al. 2) reported that streptozotocin-induced enhancement of 3′-AMP contents in rat liver was reversed by insulin treatment. Together, this finding with our results obtained in the present study, suggested that the activity of the 3′-AMP forming enzyme could be affected by changes in pathophysiological circumstances. The formation and accumulation of 3′-AMP by the activation of the 3′-AMP forming enzyme may affect cell functions via the inhibition of adenylate cyclase and AMP-dependent enzymic reactions. Clearly, further work is needed to understand the physiological and pathophysiological roles of the 3′-AMP forming enzyme. 
